The nucleon structure functions are evaluated by making use of the approximate solution of the B-S equation derived previously by one of the authors (R.H.) on the basis of a quark-gluon model. It can be seen that the Bjorken scaling is violated in this scheme and Q 2 -dependence of the scaling violation terms obeys a power-law, while the Callan-Gross relation holds to the scaling part. The results of the analyses strongly suggest that each constituent of the hadron must have a non-point-like substructure. § 1. Introduction Recently, the experiments by the SLAC-MIT collaboration!) have given us new information on the validity of the Bjorken scaling 2 l in the electroproduction phenomena. As it has been shown by many authors, 3 l. 4 J the Bjorken scaling can be derived from the conventional composite model of hadrons, i.e., the quark-parton model and some field theoretic models. However, the experiments reveal that the structure functions (ST), v vV2 and 2MW1 have a characteristic pattern of Q 2 -dependence.
of the i-th quark emitted from the nucleon, which corresponds to a distribution function in quark-parton model. Thus, the vertex function can be expressed as where P, P; and p' stand for the 4-momenta of nucleon, quark and gluon, respectively. These 4-momenta satisfy the condition, Pl lies in a small interval such that (p;') 112 4(__M (nucleon mass).
In the present paper, on the basis of our previous formulations> to concrete processes, we shall clarify the mechanism of scaling violation. In § 2, we shall express the nucleon structure functions in terms of the quark structure functions by using the B-S scattering amplitude. Section 3 is devoted to an analysis of v W 2 and 21\IW1 and comparison with the experimental data.n The result is that a (Q 2 ) r-term appears in the scale breaking part of v W2 and 2MW1> and the scaling part has a simple form like (I)-(1/ (I)). The nucleon structure functions calculated in our scheme are in good agreement with experiments. In § 4, we shall give concluding remarks. § 2. Constituent structure function
In this section, we shall calculate the structure functions of i-th quark and then show that the quark has a composite substructure.
The nucleon ST, W"v (P, q) can be expressed in terms of the imaginary part of the virtual Compton scattering amplitude. With the help of the B-S scattering amplitude the relation between the quark ST, W;""(P;, q) and W""(P, q) in our scheme ( Fig. 2) is given as follows: 
where e, denotes the charge of the i-th quark. In the above equation quarkantiquark scattering amplitude*) is represented by Tabcd (p,, k), which can be expressed in terms of 16 independent r-matrices, i.e., in the Fierz expansion, as follows:
The amplitude Tabcd (p,, k) satisfies an integral equation,
We assume that the form of the interaction Hamiltonian be usual, r.e., (2-3)
We easily find rA=scalar (S) or vector (V) smce the cases of axial-vector (A), *l A quark-antiquark production amplitude by gluon is expected to contribute the nucleon ST.
The detailed analysis will be given elsewhere. Since it can be shown that the V-V part gives a more important contribution than the S-S part to ~V/'" (Pi, q), we may consider only the case (II). (The S-S part contribution can be easily estimated. The result is shown in Fig. 5 .)
The approximate solution for the V-V part of the B-S equation (2 · 5) obtained 1n the previous paper 8 l is as follows:
where a (Ao, A.) and b (A0, A.) are parameters depending on A0 ( = g'j 4r=') and A is the effective coupling constant to be determined as the function of A0• As shown m the previous paper, 8 l VA ~o.5 leads to the following values of the ratio ajb, (1) because the_v correspond to the Bjorken limit
Since it is not so easy to perform the k-integration in Eq. (2·4) due to the factor o(m/-(l<+q)"), we rewrite the variable k, following the method of Landshoff 
where F((l)i) and G((l)i, Q') represent the scaling term and the scaling violation, respectively.
Let us estimate Wi,J (u.li, Q') and vi vVi, 2 ((l)i, Q') in the first region of k-variable where the scaling will be found to hold. Owing to the condition satisfied by fC we obtain from Eq. (2 ·13 
where D stands for the integration region of Y-" 2 plane (Fig. 3(a) ) and where
and J5 IS the integration of X-Y plane (Fig. 3 (b) ). Carrying out the X-Y integrations, we obtain G;,2 (w;, TV;,1 (w;, form factor r ~ (w,, Q') corresponding to the diagram given by Fig. 2 (a) .
The structure functions (2 · 39) and (2 · 40) manifest Q'-dependence, so that we may introduce a form factor Ti (uJi, Q'). The situation may be illustrated in Fig. 4 . By making use of this form factor, we may express the structure function 1Yu ((J)i,
Comparing (2 · 41) with 1Yu (rui, Q') g1ven by (2 · 39), ·we may rewrite Ti (cui, Q')" as where and
(m/) v 1. Pi= xiP and p' = zP of the nucleon momentum, respectively. Their transverse momenta are neglected, for the sake of simplicity. So wi can be related to w as
IJ)i=X;(l).
(3 ·2)
The nucleon ST, 21\llvV1 and v vV2 are expressed in terms of those of constituents as follows:
where hi (xi) is defined by
Here the subscripts i, j and k run from 1 to 3, denoting one of three quarks.
According to the analysis of the quark-parton model, the quarks carry approximately half the nucleon momentum. Assuming the longitudinal momentum distribution of each quark to be identical with one another, we can get xi=1/6. Then we shall take the following simple form for the distribution function hi (xi) :
Owing to such a simplification one can reduce Eqs. In what follows, we shall see the scaling properties obtained from our analysis.
(a) Scaling term Fi(w) is expressed by a simple function and is illustrated by a solid line curve in Fig. 5 and is compared with the experimental data. It seems satisfactory that such simple forms of 5 6 7 8 9 10 11 12 - • =f =+= --.-----. by (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) and (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) by comparing them with the experimental results by SLAC-MIT collaboration.n According to their data, 21\DV1 has the falling Q 2 -dependence up to w=10. On the other hand, vW2 has the rising Q 2 -dependence at large
(1) (<;10) and the falling Q 2 -dependence at small w ( <6). Such gross features can be explained by our expression of the breaking part, Eq. (3 · 20), which has the same pattern at small (1) and large w. However, the more detailed analysis shows that the rising Q 2 -dependence begins at a larger value of w than 10 in our parametrization. Equation (3 · 20) gives the gradually falling behaviour up to w=10, which deviates slightly from the present experimental data. This situation JS shown in Fig. 6 .
The rising Q'-dep. at co=10 could be explained by the production effect of charm quarks in our scheme. The charm quarks are considered to be produced through the diffraction process as shown in Fig. 7 (a) . Taking into account only the lowest order (see Fig. 7 (b) ), \Ve estimate the production effect of charm on G, (w, Q') and G, (u>, Q'). The contribution of the production effect is calculated as (3. 21) where z=1/2 is taken and wQ')>A/>mc 2 is assumed. The new parameter Ac(A*)
is the same meaning as t (A) in Eq. (2 · 31) (Eqs. (2 · 37) and (2 · 38)). The \"ariable coQ' is related to the threshold of charm quarks through (3·23) Equation (3 · 21) has a less rapid falling Q'-dependence. This contribution gives a little change of the behaviour to 2l\11Y, (cu, Q 2 ) . As for G,charm (u>, Q 2 ) , howe,·er., the minus (Q') -1 -term which results in the rising-Q 2 behaviour at ru=10 appears. § 4. Concluding remarks \Ve have im·estigated in this paper a dynamical approach to the scaling and its violation in the framework of quark-gluon model. To understand the scaling properties in our scheme, the effect of the strong interactions on the constituents must be taken into consideration. This suggests that the quark may not be a point-like object but behaves as a composite particle in the nucleons. The above mentioned dynamics is embodied in our quark-antiquark scattering amplitudes which have been evaluated by the use of the approximate solution to the B-S equation in the ladder approximation. As a result, the following characteristics of the nucleon structure functions have been obtained in our scheme:
1. The scaling part of 2MW1 takes the form of 0.283w-0.416/ (J) and the CallanGross relation 11 > F 1 (w) =w-1 F 2 (w) holds. 2. The scale breaking part has (Q 2 ) 112 -dependence, which is rather different from a familar logarithmic Q 2 -dependence.
It should be emphasized that the scaling term is found to take a very simple form in spite of the intricate structure of the B-S amplitudes. This implies that we have extracted one meaningful aspect of the dynamical properties in the quark-gluon system.
We should like to add a comment on (Q 2 ) 112 -dependence in the nucleon ST. The (Q 2 ) 112 -dependence arises from a condition vA.=0.5. We take notice that VA is a function of the coupling constant ).0 between quark and gluon, and there is some ambiguity in the choice of VA for the lack of a dynamical condition in determining the value of ).0• If we interpret that the quark mass is to be generated from dynamical spontaneous symmetry breakdown mechanism/ 2 > then Ao is necessarily larger than that of the present case (hence vX becomes larger than 0.5).
The value of VA adopted in this paper is only an example in order to see the explicit Q 2 -behaviour of vW2 (W, Q 2 ) and 2MW1 (W, Q 2 ).
Almost the same consideration as electro-production can be made for neutrinoinduced reactions. We will discuss x-, y-distribution and the so-called y-anomaly 13 > in (anti) neutrino reactions and also the relation between the ratio W 1n /W1p and the elastic form factor in a forthcoming paper.
